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GENETIC FRONTIER ........ 

HYC8B7 
Mummy make-ove,.: The Washington University Gallery ofArt drew curious crowds 
last summer when conservators from the Cleveland Museum ofArt visited the Hilltop 
Campus to restore an ornate, 3,300-year-old mummy case. Donated to the Galle!}' of 
Art in 1896 by Charles Parsons, the case holds the remains ofHenut-Wedjebu, a female 
relative ofAmenhotep III, father ofTutankhamen (King Tut). The mummy is 
preserved in one ofonly eight cases discovered from the reign ofAmenhotep III. 
In exchange for the work done by Bruce Christman, above, and a colleague, the 
gallery loaned the mummy to the Cleveland Museum for an exhibit celebrating that 
institution's 75th anniversary. Henut-Wedjebu's coffin will be displayed in "Egypt's 
Dazzling Sun: Amenhotep III and His World" July 1 through September 29, 1992. 
-------- - --- - -
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the molecular struc­
ture of biological 
systems will revolu
tionize life itself 
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cells containing a yeast 
artificial chromosome, 
or YAC, that harbors a 
large stretch ofhuman 
DNA. Nutrients induce 
the cells to make a red 
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"We've got aBacker at Washington University." 

Loretta A. Backer 
from the 1926 Hatchet 
Loretta A. Backer Scholars: seated, left to right: Mary Riley, LA94, Mark Minnick , 
LA92, Michelle Adams, LA92; standing, left to right, Marc Johnson, LA94 , 
Margaret Brinkman, LA92, William Gerhardt, BU94. 
In the mid-1960s, using her own savings from a career in 
government service and a modest inheritance, the late Loretta A. 
Backer, LA26, established the first of several charitable trusts, 
which would later provide assets to establish the Loretta A. 
Backer Missouri Scholarship Fund at Washington University . 
Miss Backer received income from the trusts, from which she 
also gained substantial income tax benefits. Her trust gifts, and an 
additional bequest, eventually endowed a scholarship fund to help 
gifted young people reach their educational goals, just as she was 
able to do as a young woman of modest means. Miss Backer's 
scholarship fund now provides financial assistance for several 
students annually. 
For more information about planned gifts, which can provide 
you with lifetime income and significant tax benefits, while also 
helping you achieve your charitable goals for Washington 
University, please call 889-5848 (935-5848 after August 1991) or 
(800) 835-3503, or write: Office ofPlanned Giving, Washington ~Washington University, Campus Box 1193B , One Brookings Drive, St. Louis, 
WASHING'lQ\J .UNiVERSITY· IN· ST·lDUIS Missouri 63130-4899. 






with $1 Million Gift 
The School of Architecture recently 
received a $1 million gift to establish 
the Ruth and Norman Moore 
Visiting Professorship. The new 
chair will enrich the 20-year-old 
visiting faculty program and will be 
filled annually beginning with the 
1991-92 academic year. 
In 1986, Ruth Moore Garbe, 
AB.'29, M.A'30, and her brother 
Norman Moore, B.Arch.'33, endowed 
the Ruth E. and Norman G. Moore 
Professorship in Architecture with 
a $1 million gift. Professor Udo 
Kultermann has held the chair, 
which fosters urban planning and 
design, since it was established. 
Garbe, who died in January 1989, 
served on the University's Board of 
Trustees from 1966 to 1970 and was 





Haute couture: Nancy Freund, a 
senior fashion design major modeling 
her prize-fetching garment, was one of 
16 winners in the Air France Student 
Fashion Designers Competition 
December 18 in Paris. The only Amer­
ican to capture an award, Freund 
returned to her St. Louis home with a 
"Prix d'Encouragement," or incentive 
award, and $1,000. Contestants were 
asked to design an ensemble a celebrity 
might wear to a sporting event. Freund 
said she envisioned Jane Fonda wear­
ing the dress to a football game. 
-----­
Under construction: An artist's rendering ofthe building on Forsyth Boule­
vard that will provide additional classroom, research, and office space for the 
Arts and Sciences. 
Building for Arts and Sciences 
Construction has begun on a new 
building that will provide additional 
research and office space for the 
departments of Biology and Earth 
and Planetary Sciences as well as 
classroom and lecture hall space for 
all areas ofArts and Sciences. The 
five-story building will stand on 
Forsyth Boulevard southeast of 
Wilson Hall. 
Targeted for completion in early 
1993, the building was designed by 
Kallmann, McKinnell & Wood 
Architects, the same firm that 
designed John E. Simon Hall, home 
of the John M. Olin School of 
Business. BSI Constructors is the 
building contractor. 
The building will have a separate 
wing of classrooms, including a 150­
seat auditorium-style lecture hall 
and two expansive classrooms. The 
biology department will occupy 
laboratories and offices on the 
building's three lower floors. For 
the first time, the cell and develop­
mental biology group will be able to 
work in proximity. Space in the 
existing biology buildings will be 
reorganized to allow more room for 
the department's research and 
teaching activities. 
Earth and planetary sciences will 
occupy the two top floors and por­
tions of other floors in the building, 
which will be connected to Wilsol1 
Hall. Laboratories and equipment 
that includes rock-crushing and 
particle-separating machinery will 
be located in the new structure. 
Commitments for the building 
and equipment have been received 
from the Mitsubishi Kasei Corpora­
tion of Japan; the Laclede Gas 
Company; the Keck Foundation; 
and several alumni, including 
Wilfred R. Konneker, Ph.D.'50, and 
his wife, Ann Lee; and Mark Jay 
Ginsburg, AB.'73, and his wife, 
Anne (Carey Varhol), M.A.'80. 
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RUNNERS 
Washington People Christopher I. Byrnes, pro­ of Massachusetts in 1973 and 1975, 
fessor and chair of the Department respectively.in the News 
of Systems Science and Mathema­ Ronald G. Evens, Elizabeth 
Mark Mason, a business and civic tics, has been named dean of the Mallinckrodt professor and director 
leader in Pittsburgh, Pennsylvania, School of Engineering and Applied of the School of Medicine's Mal­
and vice chairman of the Oxford Science, effective July 15, 1991. He linckrodt Institute of Radiology, 
Development Company, was elected will succeed James M. McKelvey, was appointed to a two-year term on 
to a four-year term to the Univer­ who is retiring as dean after 27 the editorial board of the Journal of 
sity's Board of Trustees in January. years in the position. McKelvey will the American Medical Association. 
Mason earned an A.B. degree remain on the faculty as professor As one of25 board members, 
from Washington and an L.L.B. of chemical engineering. Evens will write editorials and 
from Boston University. He pre­ An internationally recognized articles and review radiological 
viously has served Washington expert in systems and control, manuscripts. He also will serve as 
University as chairman of the Byrnes has served on the faculties adviser to the editor. 
Alumni Board of Governors, at Arizona State University in University women's volleyball 
member of the Student Life Task Tempe; Harvard University; the coach Teri Clemens was invited to 
Force, chairman of the Pittsburgh University ofUtah; and the Royal coach one of the four women's volley­
alunrni chapter, chairman ofthe Institute of Technology, Sweden's ball teams at the 1991 Swnmer 
Arts and Sciences Annual Fund premier engineering school, before Olympic Festival in Los Angeles. 
and Executive Board Committee, joining Washington's faculty in 1989. Her volleyball squad captured 
and member of the Patrons of the Byrnes received a bachelor's the University's first national 
William Greenleaf Eliot Society. The degree in 1971 from Manhattan championship in 1989, making 
University honored him with a College in New York and a master's Clemens the first female coach to 
Distinguished Alumni Award. and doctorate from the University win the Division III crown. 
The COOP Goes to Market 
It's a place where you can buy 
laundry soap for the routine trip to 
the washing machine, find soda pop 
and Chee-tos for late-night munchies, 
and even rent a small refrigerator 
in which to store perishables. The 
COOP, a student-run, non-profit 
convenience store located on the 
lower level of W ohl Center in the 
South-40 residential complex, has 
served the sundry needs of 
Washington students for more 
than 20 years. 
In November 1989, however, the 
COOP began to provide yet another 
type of service. It now functions as 
a marketing research laboratory, 
the only one of its kind in the nation, 
as well as a convenience store. 
COOP faculty adviser Scott Davis, 
assistant professor of marketing in 
the John M. Olin School of Business, 
helped students formulate a plan to 
make the changes without disrupting 
the store's day-to-day transactions. 
'We didn't want our testing to 
interfere with operations," he 
stresses, explaining that a scanner 
was installed to accurately record 
what was purchased, when, and at 
what price, producing data that 
reflect the impact of promotional 
activities or price changes. Purchases 
are tracked by way of a debit system 
that enables students to pay a 
deposit in advance and then use an 
ID card to buy their goods. Partici­
pants are rewarded with discounts. 
''When we started the COOP 
project," says Davis, "we wrote 
another charter and substantially 
restructured the organization of the 
store, which included placing Uni­
versity administrators on an ad­
visory board. We're still trying to 
establish procedures. We're still 
evolving." 
The COOP received funding from 
the Marketing Science Institute for 
two projects conducted last year and 
expects additional outside support 
in the coming months. 
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Gift Creates Fine Arts? 
Media Center 
An electronic media center that will 
integrate new technologies into all 
areas of the fine arts curriculum 
is being established at the Univer­
sity with a $100,000 gift from New 
York fashion designer Carolyne 
Roehm, B.F.A. '73 , and her husband, 
Henry Kravis. 
Plans for the Carolyne Roehm 
Electronic Media Center were 
applauded by a fine arts faculty 
.committee appointed in fall 1989. 
The committee recommended a 
central facility devoted to tech­
nological resources and their ap­
plications to painting, fashion 
design, photography, and core pro­
gram courses in two- and three­
dimensional design. The gift will 
allow the fine arts school to proceed 
at once with the proposal. 
New Writing Center 
Focuses on International 
Issues 
A writing center designed to serve 
as a focal point for writers interested 
in international issues opened its 
doors to the University community 
in October 1990. The International 
Writers Center, under the direction 
of William H , Gass, David May 
Distinguished University Professor 
in the Humanities, will offer sym­
posia that explore topics such as 
censorship, exile, and imprisonment. 
It will host lectures, readings, and 
social gatherings, often in con­
junction with other literary/arts 
organizations in St. Louis. 
"A number of us have been talk­
ing about a center for several years, 
partly because of the strong Writing 
Program already in place," offers 
Gass. "Coupled with an increasing 
awareness that a University ed.J.ca­
tion has to be international ... ," the 
center was brought to life. 
The International Writers Center 
is temporarily housed in Busch Hall. 
Associate Director Lorin Cuoco, a 
former operations manager and 
producer for National Public Radio, 
is the center's chief administrator. 
10m Down the Volume! 
High noise levels like those gener­
ated on the playground or at a video 
arcade can do undetectable, perma­
nent damage to a child's hearing if 
exposure is frequent and lengthy, 
says William W. Clark, a scientist 
at the Central Institute for the Deaf 
(CID), part of Washington University 
Medical Center. 
"The effects are cumulative and 
initially cannot be detected by the 
physician. They are often not 
noticed by the patient until the 
fourth or fifth decade of life," offers 
Clark, who is also a research asso­
ciate in the Universitys Department 
of Otolaryngology. 
Education, says the CID scientist, 
and parental monitoring-he notes 
his own children's listening habits 
by periodically checking the volume 
on their Walkmans and stereo 
systems-may prevent loss of hear­
ing from noise exposure. 
:: 
A Program 
foc High School "Students 






write or give us 
a call at: 
Brandeis 
Summer Odyssey 
Plunge into a summer of scientific discovery! 
You can study the latest findings in one of 
several scientific subjects or work as an intem 
with university scientists exploring tomorrow's 
advances, and choose either option without 
sacrificing summer's great times, 
Summer Odyssey offers a chance to team with a 
top investigator, as well as courses on such 
subjects as "Biotechnology" and "Amusement 
Park Physics." Just as important, however, is our 
ready access to Boston's rich cultural diversity 
and our location on a picturesque campus filled 
with activities. 
• Core courses in cutting-edge scientific fields and 
elective courses that explore a disciplinary array 
from art and literature to primatology 
• Internships with Brandeis University faculty doing 
front-line research 
• Academic study field trips designed to make the 
theoretical so real that you can touch it 
• Recreational field trips that really are fun 
• Outstanding scientists who'll share their latest 
discoveries in special lectures 
• And a taste of life at a major research university 
Brandeis Brandeis Summer Odyssey 
University PO Box 9110 
Waltham, MA 02254-9110 
617-736-2111 
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Sandra Day O'Conrwr 
Justice Sandra Day 
O'Connor Explores 
Women in Power 
In November 1990, when U.S. 
Supreme Court Justice Sandra Day 
O'Connor addressed a standing­
room-only crowd in Graham Chapel, 
she claimed that the title of her talk, 
''Women in Power-Is the View 
Different?" would have been con­
sidered an oxymoron only a short 
time ago. 
Speaking at the 16th annual Mr. 
and Mrs. Spencer T. Olin Conference, 
the first woman to serve on the U.S. 
Supreme Court began her speech 
with a dictionary reference to the 
word power: ''What we're concerned 
about here today is the holding of 
an aggregation of power in the 
mastery to influence significant 
events or a substantial number of 
people. Power is the ability to do. 
6WASHL"GTON UNIVERSITY' Spring 1991 
It is in this sense that women are 
becoming increasingly powerful. 
Perhaps not by force but by more 
subtle and indirect processes." 
Instrumental in changing gender­
biased state laws as a legislator in 
Arizona-until the early 1970s the 
state set maximum working hours 
for women but not for men and gave 
exclusive control of a couple's assets 
to the husband- Justice O'Connor 
maintains that the power she exerts 
on the court today depends on the 
strength of her arguments, not her 
gender. 
"For both men and women, the 
first step in getting power is to 
become visible to others and then to 
put on an impressive show," she 
claimed. "The acquisition of power 
requires that one aspire to power, 
that one believe power is possible. 
Just as failure may lead to despair, 
power begets power." 
Changing Your Address? 
Planning a move? Don't leave 
Washington University Magazine 
behind. Please send the information 
below to: Development Services, 
Washington University, Campus Box 










The chart accompanying "Enroll­
ment on the Rise" in the winter 1990 
issue of Washington University 
Magazine neglected to include the 
upper-division undergraduates in 
the School of Engineering and 
Applied Science among the School's 
total undergraduates. Thus, total 
fall 1990 undergraduate enrollment 
in Engineering was 1,019. 
Total enrollment cited for the 
School of Medicine, 466, was for 
Doctor of Medicine candidates only. 
The School has 260 students pursu­
ing graduate degrees in occupational 
therapy, physical therapy, and 
health administration. Fifty-eight 
students are enrolled in the under­
graduate program in occupational 
therapy. The Magazine regrets 
these oversights. • 
Contributors: Kleila Carlson, 
Gretchen Lee, and John Hansford. 
CROSSING 
THE
I , , 
FRONTIER 
Stunning successes sweeping the field of genetics 
will dramatically alter our lives 
By Cynthia Georges 
After two years of scientific investigation in the famous Cavendish Laboratory in Cambridge, James D. Watson and Francis H. C. Crick proposed a molecular model of the double-helical structure of deoxyribonucleic acid (DNA). On a spring afternoon in 1953, they hastened to the Eagle, a pub they frequented across the 
road from King's College, to toast their revolutionary findings. "We've discovered the 
secret of life!" they jubilantly shouted. 
Their model provided the first insight into how matching strands of genetic informa­
tion could be duplicated and then passed on to the next generation . The discovery, boosted 
by the Nobel Prize-winning work of Arthur Kornberg and Paul Berg carried out at 
Washington and Stanford universities, marked "the most famous event in biology since 
Darwin's book," Watson later claimed. 
The ability to analyze the intricacies of a cell and its nucleus, which in its thread-like 
chromosomes houses the blueprint of life itself, has revolutionized the science of biological 
systems. The upcoming 20 years, described as "the golden age of genetics" by one 
researcher, promise to dramatically alter the way we practice medicine, develop drugs, 
treat illnesses, and even go about the business of raising crops and breeding livestock. 
Consider recent advances made possible through scientists' understanding of the role 
genetics plays in heredity. Researchers have targeted some 4,000 diseases thought to con­
tain genetic components. Ongoing investigations, and future developments, promise new 
methods of prevention and treatment for these diseases. 
Over the course of the past several months , genes were identified for muscular dystro­
phy, cystic fibrosis, neurofibromatosis, and Tay-Sachs disease, providing insights into the 
origins and mechanisms of disease. 
In September 1990, a team of doctors at the National Institutes of Health introduced 
the first federally approved use of gene therapy. A four-year-old suffering from adenosine 
deaminase (ADA) deficiency, a deadly genetic disease that closes down the immune sys-
Photography by Herb Weitman and Joe Angeles 
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tem, was injected with her own white blood cells, each containing a copy of a foreign gene 
that produces the enzyme essential to her recovery. At this writing, the altered cells con­
tinue to supply the vital enzyme. 
In February of this year, the Food and Drug Administration approved alpha interferon, 
one of the earliest bioengineered drugs, for treatment of hepatitis C. Scientists are study­
ing the drug as a treatment for AIDS. 
In the same month, researchers at Duke University School of Medicine and St. Mary's 
Hospital in London discovered gene mutations on chromosomes 19 and 21 that point to a 
genetic basis of some forms of Alzheimer's disease. 
Although medical advances in genetics garner most of the headlines, research in plant 
biotechnology rapidly moves ahead as the journey from the laboratory to the field becomes 
a road more often traveled. At Washington, biologist Roger Beachy collaborated with sci­
entists at Monsanto Company to produce the world's first genetically engineered food crop 
that is resistant to plant viruses. In the past five years, scientists have applied gene­
transfer technology to more than 30 species of plants. They predict that genetically im­
proved cotton, rice, corn, sugar beet, and alfalfa will be available to consumers before the 
year 2000. Genetic technology will accelerate and refine livestock breeding, too, in manip­
ulating cells to stimulate growth, control fat content, and provide resistance to disease . 
"The coming decades should be an exciting period for genetics research," says William 
H. Danforth, chancellor of Washington University. "The understanding of the human 
genetic inheritance and the adaptation of this knowledge to disease holds great promise." 
An example of such promise is the Human Genome Project, a federally supported effort 
directed at deciphering at the molecular level the complete genetic code of human beings. 
Following a rigorous review conducted last October by the National Institutes of Health, 
the University's School of Medicine was designated one of the Public Health Service's first 
four centers of investigation. This federally funded initiative is expected to take 15 years 
to complete. 
Underlying the successes in genetics is basic research fundamental to innovations in 
applied research. Dozens of scientists working in some 300 laboratories at Washington 
University use sophisticated molecular genetic techniques to understand biological pro­
cesses, such as how an organism changes to a fertilized egg or what triggers the death of a 
cell. Their fmdings contribute to the discoveries that will greatly impact our lives. 
"At Washington University, the roots of genetics thrive in the soil of an institution that 
possessed the wisdom to target molecular genetics as a future area of endeavor," says 
William Peck, vice chancellor for medical affairs and dean of the School of Medicine. Peck 
calls 1991 a "propitious year." The medical school's centennial coincides with the launch­
ing of the genome project, which is supported, in part, by the Howard Hughes Medical 
Institute, Monsanto Company, and the James S. McDonnell Foundation. 
Nearly three decades ago, James S. McDonnell, then chairman of the board of 
McDonnell Douglas Corporation, took the podium at the 1963 Commencement ceremonies 
and addressed his audience: "Man has achieved the science and technology whereby he 
can ruin himself on the one hand, or on the other hand, he can consciously and responsi­
bly proceed with his own creative evolution . I suggest that everyone learn how to spell 
deoxyribonucleic because it has only 16 letters and you will certainly be hearing about it 
for the rest of your lives." 
Over the ensuing years, McDonnell supported the establishment of the internationally 
respected James S. McDonnell Department of Genetics at Washington University. The 
McDonnell Medical Sciences Building, which houses the genetics department and other 
basic science departments, also serves as a memorial to his foresight. 
The 1970s ushered in the era of recombinant DNA technology, whereby researchers 
Cynthia Georges is the editor of Washington University Magazine. 
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develop and apply techniques for cutting apart and splicing together pieces of DNA from 
different sources. Scientists began investigations in altering the architecture ofliving 
organisms, from a simple shaft of wheat to the complex mammal. 
As the genetic revolution unfolds today, It is changing the way institutions worldwide 
train their students. "We are 
producing the first generation 
of scientists that will develop 
the ability to apply molecular 
biology to curing human dis­
ease," says David M. Kipnis, 
Adolphus Busch Professor and 
chair of the Department of 
Medicine. Expected to serve 
as the source book for biomed­
ical science in the 21st centu­
ry, the human genome map, 
when completed, says Kipnis, 
will be indispensable to the 
study of medicine. 
"In a practical sense, infor­
mation derived from genome 
mapping will allow us to iden­
tify normal-appearing 
patients who are destined to 
develop certain hereditary dis­
eases," offers Samuel A. 
Wells, Jr., Bixby Professor of 
Surgery and chair of the 
Department of Surgery. "In 
some families we will be able to identify carriers of the gene for the disease-a significant 
advance because it will provide an opportunity to treat affected patients prophylactically." 
Yet this gilded age of genetics is daunting, too, in the responsibility it places in the 
hands of physicians, scientists, and those who guide public policy. The ability to alter 
organisms-to control life at the basic DNA level-presents ethical, legal, and moral con­
cerns being addressed by a component of the federal genome project, as well as by profes­
sionals at universities and think tanks the world over. Complex issues regarding genetic 
information access, screening and counseling programs, and the concept of human respon­
sibility have spurred the development of educational programs, legislative recommenda­
tions, and ethical guidelines. Ethicists hope to address these issues in tandem with the 
technological discoveries that emerge on a daily basis. 
Scientists will continue to probe the secrets of the gene. The genetic frontier is expan­
sive, the terrain, ever changing. Yet the University is drawn to such landscapes. Key 
investigations here are well under way. David Schlessinger, professor of molecular micro­
biology, is working with a select team of scientists who have begun mapping segments of 
the human genome in the recently established Center for Genetics in Medicine. On the 
Hilltop Campus, geneticists are unraveling the mysteries of plant life. 
"Washington has an extraordinary track record for ignoring the conventional wisdom," 
observes Maynard Olson, professor of genetics and a principal investigator in the Human 
Genome Project. "Conventional wisdom, when it is succeeding-not failing-becomes dan­
gerous. It leads to a certain narrowness of viewpoint. We researchers and administrators 
are a bit like generals. We're always comparing ourselves to the last war. Our major chal­
lenge is to keep moving forward, not to rest on our laurels." • 
Taking the initia­
tive: The magnitude 
of the genome map­
ping effort requires 
the use ofautomation 
in tasks such as mix­
ing and dispensing 
liquids. From left, 
Chancellor William 
H. Danforth; William 
Peck, vice chancellor 
for medical affairs 
and dean of the 
School ofMedicine ; 
and David 
Schlessinger, director 
of the Center for 
Genetics in Medicine, 
in the center's pipet­
ting station. 






Scientists begin the exquisite task of mapping the essence of life 
I n the end, one of the most astounding scientific achievements in our lifetime will be the creation of a 3 billion-char­acter message, written in an alphabet 
comprised of only four letters, that will 
describe all of the genetic information 
needed to create a human being. 
At Washington University, the effort to 
map the human genome draws upon an 
extraordinary team of molecular biologists 
and mathematicians who seek to decipher 
the blueprint of life. Working with numer­
ous organisms such as fruit flies and 
nematodes, and freezers full of deoxyri­
bonucleic acid (DNA) obtained from 40 
families living on three continents, these 
investigators depend on an arsenal of 
innovative information systems. Contrary 
to the protocol of most scientific research, 
they develop and apply this technology 
simultaneously. 
The outcome of such activity is evident 
in the medical center offices and hallways 
where chromosomal maps festoon the 
walls like banners, where learned papers 
Robert Lowes, A.B. '75, is a St. Louis-based 
writer and frequent contributor to 
Washington University Magazine. 
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By Robert Lowes 
are being written, and where a quiet, 
underlying excitement pervades the air 
with an unmistakable message: we're on 
to something important. 
How important? David Schlessinger, 
director of the recently established Center 
for Genetics in Medicine at the 
University's medical center, likens the 
hoped-for map to the periodic table for 
chemistry. And the map is just the begin­
ning. Once they have charted the human 
genome, researchers hope to discover the 
origins-and possibly the treatment and 
cure-of some 4,000 diseases with genetic 
components. Too, they will attempt to 
understand the basis of human traits as 
varied as eye color and stature. 
Once carried out independently by indi­
vidual universities and researchers, the 
mammoth task of mapping the human 
genome in the United States now falls 
under the umbrella ofthe federal govern­
ment and its $3 billion, I5-year Human 
Genome Project. It is a joint venture sup­
ported by the Department of Energy and 
the National Institutes of Health (NIH) in 
the Department of Health and Human 
Services. The primary mission consists of 
lining up pieces of DNA that overlap to 
cover the whole genome, then sequencing 
the genome's nucleotides and pinpointing 
the approximately 100,000 genes that 
each of us carries in our 23 pairs of chro­
mosomes. The project aims to do the same 
with model organisms such as the mouse. 
In October 1990, the U.S. Human 
Genome Project named the School of 
Medicine one of four genome centers quali­
fied to undertake the task of deciphering 
life's code. Washington is joined by centers 
at the University of California-San 
Francisco, the Massachusetts Institute of 
Technology, and the University of 
Michigan . The selection of the School of 
Medicine brings with it a first-year, $2.3 
million grant-the largest of the four 
awards-to begin to produce detailed 
maps of human chromosomes 7 and X, as 
well as to locate selected genes of special 
interest on other chromosomes. 
The four principal investigators are pio­
neers in their field: 
• Helen Donis-Keller, professor of genet­
ics, spearheaded the research team at a 
private firm that in 1987 created the first 
comprehensive linkage map of the entire 
human genome. The map is studded with 
the equivalent of genetic mileposts inher­
ited along with specific genes. 
• Philip P. Green, assistant professor of 
genetics, is a mathematical geneticist who 
developed the mathematical techniques 
needed to create the first linkage map. He 
now develops computer methods to con­
struct Yeast Artificial Chromosome (YACl 
maps and analyze DNA sequences. 
• Maynard V. Olson, professor of genetics, 
directed the laboratory work that pro­
duced YAC technology, a method of 
cloning extremely long strings of DNA 
that has sped up DNA mapping signifi­
cantly. 
• The fourth investigator, David 
Schlessinger, professor of molecular micro­
biology, ranks as an expert on the X chro­
mosome, home to disease genes for fragile 
X syndrome, hemophilia B, and Duchenne 
Analysts: Genetics 
professor Maynard 
Olson, left, and post­
doctoral fellow Eric 
Green review the 
results ofa sequenc­
ing experiment with 
human DNA. Olson 
has been instrumen­
tal in the develop­
ment and implemen­
tation of key tech­














niques will hasten, 
and lower the cost of, 
DNA sequencing. 
Volker Nowotny, 
director of a technical 
core within the medi­
cal school's genome 
center, left, and 
David Schlessinger, 
director of the center, 




Philip P. Green 
develops computer 
methods to construct 
YAC maps and DNA 
sequences. Scientists 
expect new technolo­
gies generated by the 
genome project to 
find application in 
other fields such as 
agriculture and envi­
ronmental sciences. 
muscular dystrophy. As a graduate stu­
dent at Harvard, he studied under James 
D. Watson, who with Francis H. C. Crick 
discovered the double-helix structure of 
DNA nucleotides that revolutionized 
genetics. (Watson now directs NIH's 
National Center for Human Genome 
Research, or NCHGR.) 
Potential benefits of a genetic code book inspire the imagination, but the rela­
tively unfamiliar science behind it can 
bewilder the average person. DNA, chro­
mosomes, genes-that's complicated 
enough. But then there are contigs, pulsed­
field gel electrophoresis, and Restric­
tion Fragment Length Polymorphisms. 
"The ideas aren't hard to understand," 
says Schlessinger, who is quick to point out 
that complex messages can be delivered 
with the dots and dashes of Morse code. 
"The jargon is ferocious." 
Examined in minute detail, a portion of 
the map of the human genome will look as 
simple as this: CCCTGTGGAGCCACACC­
CTAG. This string of seemingly random 
letters represents approximately one per­
cent of the DNA in a single human gene. 
The order of the letters encodes instruc­
tions for making the protein betaglobin, a 
building block for oxygen-carrying 
hemoglobin cells in the bloodstream. 
The letters A, C, G, and T stand for 
adenine, cytosine, guanine, and thymine, 
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base compounds of four different DNA 
nucleotides that form the chromosomal 
ladder. Rungs of the ladder consist of pairs 
of base compounds, T always being 
matched to A and C to G. Each pair is 
denoted by the base compound on one side 
of the ladder. The entire base-pair 
sequence for the betaglobin gene is 1,500 
characters long. One errant A, C, G, or T 
can spell anemia. 
A completed map of the human genome, 
printed in 10-point type, would stretch the 
distance from St. Louis to Anchorage. It 
would include the base-pair sequence for 
the betaglobin gene and all the other 
100,000 genes scattered on the 24 differ­
ent human chromosomes-the sex chro­
mosomes X and Y and the 22 autosomes. 
The map would locate each gene precisely 
on its respective chromosome. Up to now, 
geneticists have found approximately 
1,500 genes, and of these, they have ticked 
off the base pairs for 600. True, the ideas 
may not be difficult to understand, but the 
numbers are as daunting as the jargon. 
To fulfill its goals, the Human Genome 
Project depends on developing more effi­
cient technologies to map and sequence 
DNA. The cost of assembling all of the As, 
Cs, Gs, and Ts, for instance, is now from 
$2 to $5 per base pair. The project would 
like to reduce the figure to 50 cents per 
base pair. 
The sea of data produced by genome 
exploration must be collected, stored, dis­
tributed, and analyzed; consequently, 
improving genome informatics is another 
goal. Finally, the Human Genome Project 
wants to ensure that society uses genetic 
knowledge responsibly. Three percent of 
the $3 billion budget will fund investiga­
tions of the enormous ethical, legal, and 
social implications of possessing the 
blueprint of life, with the goal of helping to 
formulate options for congressional and 
social action . 
The United Kingdom, Japan, Italy, and 
the Soviet Union have mounted genome 
initiatives. Geneticists from these and 
other countries have formed the Human 
Genome Organization, or HUGO, to coor­
dinate their efforts. 
The resources of the $2.3 million grant administered by Donis-Keller, Green, 
Olson, and Schlessinger only begin to 
describe the University's role in human 
genetics research. Approximately 100 
principal in vestigators-primarily in the 
School of Medicine, but also in the schools 
ofArts and Sciences and Engineering-
work on some 150 projects involving 
genome exploration. Including the $2.3 
million grant establishing the genome 
research center, NCHGR grants awarded 
to the School of Medicine in fiscal 1990 
totaled $7.3 million. 
The School's genetic research covers no 
less than the entire breadth of medicine. 
Timothy J. Ley, assistant professor of 
genetics and associate professor of 
medicine, studies sickle-cell anemia, 
which is caused by a mutation of a single 
base pair in human DNA. Eric J. Devor, 
assistant professor of genetics in psychia­
try, and C. Robert Cloninger, head of the 
department of psychiatry and professor 
of psychiatry and genetics, are tracking 
down a genetic component of alcoholism. 
S. Bruce Dowton, director of medical 
genetics in pediatrics and assistant profes­
sor of genetics, uses gene probes, micro­
scopes, computer data bases, and basic 
physical examinations to diagnose and 
Quest for carriers: 
Helen Donis-Keller, 
left, and medical 
research technicians 
Srini Ramachandra, 
center, and Shenshen 
Dou, examine a geno­
type ofa family. As a 
Harvard graduate 
student, Donis-Keller 
studied under Walter 
Gilbert, who won the 
Nobel Prize with 
Frederick Sanger in 
1980 for contributions 
regarding the deter­
mination of base 
sequences in nucleic 
acid. 
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Biology major makes 
his mark in the lab 
For Chris Warlick, a senior biology 
major and the Washington 
University Bears' second-leading 
receiver, the most impressive score 
for 1990 was made not on the field 
but in the lab. 
While working in genetics pro­
fessor Helen Donis-Keller's labora­
tory at the School of Medicine last 
spring, Warlick discovered two 
markers on chromosome 14 that 
will help scientists battle a form of 
hereditary heart disease. His find­
ings will bear his initiais-CWI 
and CW2~n the map of the 
human genome. 
News of the scholar-athlete 
from Williamsville, New York, 
traveled far and fast. The 
Associated Press generated a wire­
service story that was picked up 
by more than 50 national newspa­
pers and most of the television 
networks. An estimated 11.5 mil­
lion people read or heard about the 
promising scientist, whose athletic 
prowess has been compared to 
that of his father, Ernie, a former 
tight end for the New York Buffalo 
Bills. 
Of particular note was the 
paper Warlick wrote on his discov­
ery and the football game he 
missed in order to present his find­
ings at the annual gathering of the 
American Society of Human 
Geneticists. The Washington­
Colorado College game was sched­
uled on October 20, 1990, the 
same date 5,000 medical special­
ists convened in Cincinnati to 
share their latest research in 
Degree ofdistinction: Senior Chris 
Warlick's discovery of two genetic 
markers may help scientists combat a 
type of hereditary heart disease. 
genetics. Instead of huddling with 
teammates on the field, Warlick 
traveled to the meeting to present 
"Isolation of a Yeast Artificial 
Chromosome Clone from D14S26 
Near a Gene for Familial 
Hypertrophic Cardiomyopathy and 
Identification ofTwo New 
Restriction Fragment Length 
Polymorphism Probes at This 
Locus." This achievement has 
earned him a degree of distinction 
in the scientific community. 
Presentation by an undergraduate 
at the national meeting is "abso­
lutely unheard of," says Donis­
Keller. 
"The story got quite out of 
hand," says a beaming Warlick, 
recounting interviews with USA 
Today, ESPN, Sports Illustrated, 
and CBS Morning News. "But I'm 
not complaining." After several 
months of concentration on the 
chromosome 14 region, the end 
result was, in Warlick's words, "a 
great satisfaction following long, 
hard work, as opposed to a sur­
prise ending that people some­
times associate with scientific dis­
coveries." 
Warlick is the recipient of a 
John B. Ervin Scholarship, award­
ed to talented college-bound black 
high school students. He began 
working in Donis-Keller's lab in 
1989, content with "a useful sum­
mer job earning some money and 
getting research experience," he 
says. When football started up, the 
6' 4" 175-pound flanker took to the 
field. He returned to the lab last 
spring to complete independent 
coursework for Biology 500. And 
there he will stay-at least for a 
while. 
"Now that I've gotten a taste of 
research, I like it," he admits , " but 
I don't want to give up the idea of a 
clinical practice." After graduation 
in May, Warlick will spend a year 
as a technician in Donis-Keller's 
lab. He will review his options for 
future study and prepare applica­
tions to a handful of medical 
schools, Washington included. 
Does football figure into the pic­
ture? "History.. .it will go into the 
history books," Warlick laughs. "It 
was fun while it lasted, but I'm 
afraid those days are over all too 
soon." ---C.G. 
14 WASHINGTON UNlVERSIn'· Spring 1991 
treat genetic disorders in 1,000 children a 
year. "The field is exploding at both ends," 
says Dowton. "We locate genes in the 
molecular biology lab, then we use that 
information in the clinic." 
Charting the human genome requires a 
certain brand of academic bravery. Less 
than 10 percent of the 3 billion nucleotide 
base pairs are found in the 100,000 or so 
genes. (The function of the remaining base 
pairs is unclear.) Locat ing one gene "is like 
looking for a page in a library of 15,000 
books, each 200 pages long," says infor­
matics specialist Philip Green. "First you 
must find the row, then the volume, and 
finally the correct page." 
Researchers can simplify this search by 
rummaging through the genetic libraries 
of simpler organisms. Robert H. 
Waterston, professor and acting head of 
the genetics department, and associate 
professor of anatomy and neurobiology, 
studies the genome of Caenorhabditis 
elegans (c. elegans), a millimeter-long 
transparent worm with approximately 
1,000 cells. Its DNA numbers a mere 100 
million base pairs, "but it has the com­
plexity of an animal with nerves, muscles, 
and intestines," says Waterston, who 
collaborates with C. elegans investigators 
at the Medical Research Council 
Laboratory of Molecular Biology in 
Cambridge, England. "The genes used in 
these tissues are very similar to what are 
found in man. We believe C. elegans will 
be the first animal to be really understood. 
We wouldn't be investing our entire 
careers in the work if we didn't th ink 
this ." 
Daniel L. Hart l, professor of genetics, 
makes the same point about his research 
organism Drosophila melanogaster, the 
fruit fly studied in genetics since 1910. 
"The protein that senses light in the eye is 
almost identical in fruit fl ies and humans. 
Ifyou want to study vision, the fruit fly is 
a good place to start." The insect is ideal 
for lab investigation, he says, because the 
salivary glands of immature fruit flies pre­
sent large, easier-to-read chromosomes. 
Techniques for mapping the genome of 
Drosophila, C. elegans, and man are gen­
erally the same. Researchers break up the 
DNA into small pieces, establish the 
sequence of nucleotide base pairs, and 
then put the pieces back together. In 
short, they create a jigsaw puzzle. For 
many years, molecular biologists relied on 
recombinant DNA technology-cloning 
human DNA with bacteria and viruses-to 
come up with the pieces. But the pieces 
only got as big as 40,000 base pairs, and 
many genes are larger than that. 
DNA fragments are now at least 10 
times as big, thanks to the YAC technolo­
gy that emerged from the School of 
Medicine in 1986. Maynard Olson and his 
colleagues create an artificial chromosome 
by putting a string of human DNA 
between bookends of DNA from yeast. 
Yeast cells injected with artificial chromo­
somes then busily replicate themselves. 
The Center for Genetics in Medicine keeps 
60,000 different yeast clones-thought to 
encompass most of the human genome-in 
a freezer, dist ributing samples to geneti­
cists worldwide. 
Researchers can determine the nucle­
otide sequence of a given YAC by assem­
bling sequences from small fragments of 
the YAC. So far, geneticists have per­
formed parts of this tedious task manual­
ly, although the group of Green and 
Waterston has experimented with comput­
er-automated sequencing of the C. elegans 
Comparing notes: 
Genetics professor 
Robert H. Waterston, 
right, specializes in 
sequencing the DNA 
of the Caenorhab­
ditis elegans (C. ele­
gans) nematode, the 
only animal whose 
complete cellular 
structure has been 
identified by scien· 
tists. Medical 
research technicians 
Lisa Qiu, left, and 
Zijin Du, top, share 











The Splice of Life than 10 times larger than DNA Today, the Center for Genetics 
fragments scientists previously in Medicine stores and studies 
Simple brewer's yeast, or studied, they have hastened the more than 60,000 YACs, enough 
Saccharomyces cerevisiae, the efforts of researchers worldwide to contain virtually the entire 
type found in a frothy glass of to map the human genome. human genome. The YACs are 
beer or a deli bagel, has risen to A significant breakthrough placed into 96-well microtiter 
unprecedented heights in the that aided development ofYAC plates and stored at -70 degrees 
world of DNA cloning. Because cloning is a technique called C. Inundated with calls from 
its nucleated cell is in many ways pulsed-field gel electrophoresis. other investigators who desired 
similar to human cells and its 16 Described in 1983 by Columbia YAC clones, the center's scien­
large, linear chromosomes are University genetics professor tists decided last year to send the 
easy to manipulate, yeast pro­ Charles Cantor, the technology complete YAC library to six insti­
vides a powerful tool that scien­ uses pulses of electricity to sepa­ tutions: the Baylor College of 
tists use to store, study, and dis­ rate large pieces ofDNA. These Medicine, the Eleanor Roosevelt 
sect human DNA in the attempt pieces are immobilized in tiny Institute for Cancer Research in 
to understand genetic structure. rectangular gel blocks and then Denver, Oxford University, the 
Maynard Olson, professor of exposed to alternating electrical Salk Institute, the University of 
genetics and an investigator at fields that force DNA molecules California at Berkeley, and the 
the medical school's Center for to group according to size. In University of Michigan Medical 
Genetics in Medicine, and his col­ 1986, Olson and his colleagues School. In the words of one recipi­
laborators created the pace-set­ refined the technique, which ent, Olson and his colleagues, 
ting yeast artificial chromosome paved the way for cloning large through their willingness to cir­
(YAC) technology. They first pub­ human DNA fragments into culate the library, appear to be 
lished their findings in a spring YACs. YACs also have been cre­ "serving the needs of the entire 
1987 issue of Science magazine. ated for bacterial and plant world." --C. G. 
In designing a way to clone species as well as for organisms 
pieces of DNA that can be more such as Drosophila (fruit fly). 
genome. YACs that share a given DNA ues until the entire gene is defined. 
sequence can be merged into a larger puz­ The search for a disease gene is more 
zle piece called a "contig," a group of over­ difficult if the protein has not been identi­
lapping clones representing a continuous fied. A common solution is finding an 
region of DNA. By determining how YACs eccentric, although usually harmless, 
and contigs overlap, geneticists can sequence of DNA that is near enough to 
reassemble them into a physical map of the gene affected by the disease to be 
individual chromosomes. inherited from generation to generation 
Sixty-thousand different YACs consti­ along with the disease. Such "innocent 
tute a manageable library in scientists' bystander" sequences, called Restriction 
search for a specific disease gene. There Fragment Length Polymorphisms, or 
are two ways to hunt for this gene. If RFLPs, vary in nucleotide length from 
researchers know what protein the normal person to person and account for the diver­
gene produces, they can work from the sity among us. 
protein's amino acids to reconstruct part of Because geneticists can link disease 
the gene's nucleotide sequence. Geneticists genes to RFLPs-and predict the occur­
then brand this sample of synthetic DNA rence of the disease even when the gene's 
with radioactivity and put it in contact precise location is unknown-a prime goal 
with each of 60,000 YACs. If one YAC has of the Human Genome Project is systemat­
the corresponding sequence of nucleotides, ically flagging RFLPs along the length of 
then the radioactive probe attaches itself, each chromosome. Helen Donis-Keller's 
nucleotide for nucleotide. Probing contin- group is doing just that. 
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As a member of the Human 
Polymorphism Study Center, an interna­
tional consortium, Donis-Keller studies 
the inheritance of genetic markers in the 
family trees of 40 prolific families-two 
from Venezuela, 28 from the United 
States, and 10 from France. Preserved 
cells from some 517 family members yield 
chromosomes that have been mined for a 
bounty of RFLPs. Her first RFLP linkage 
map-"a very rough skeleton of the 
human genome," she says-had 403 mark­
ers spaced an average of 10 million base 
pairs apart. Her current map has approxi­
mately 600 markers, each of them sepa­
rated from the next by about 6 million 
base pairs. The Human Genome Project is 
aiming at a map with markers every 2 
million to 5 million base pairs. Besides 
facilitating gene exploration, RFLPs also 
give researchers more points of reference 
in assembling YACs and contigs. 
When all is said and done, geneticists will have taken apart the human 
genome and put it back together again, 
with every nucleotide base pair and gene 
tagged and labeled. Such precision 
reminds Daniel Hartl of a story about 
satellites launched in the early 1960s. By 
today's standards, the cameras in those 
satellites possessed extremely low resolu­
tion. Someone asked a scientist in the 
satellite program what was the point of 
having cameras that could distinguish 
only between towns and countryside. 
"Today," the scientist replied, "we can 
only see towns and countryside. But one 
day, we will be able to see houses and 
trees. On another, we will see the mailbox­
es on those houses. And yet another day, 
we will see whether the flags on the mail­
boxes are up or down." 
Hartl continues the comparison 
between gene mapping and satellite pho­
tography in his own words: "If the mailbox 
door is left open, they will someday be able 
to read the addresses on the envelopes." 
In entering the auspicious era of under­
standing ourselves at the molecular level, 
we've already begun reading the hand­
writing-that which lies within us. • 
Model organism: 
Left, Arthrobotrys 
fungus preys upon C. 




hope to gain insights 
into the genetic struc­






Daniel L. Hartl, 
professor ofgenetics, 
and medical research 
technician Ann Vellek 
examine a specific 
YAC that has been 
hybridized to the 
polytene chromo­
somes of Drosophila 
melanogaster, or 
fruit fly. 
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Charting the Course 
with a Moral Compass 
If geneticists discover a gene or set 
of genes for Alzheimer's disease, 
should airline pilots be tested for 
the disorder? And if they are des­
tined to suffer from Alzheimer's, 
should they be grounded, lest an 
early episode of memory loss cause 
a crash? 
Do insurance companies have 
the right to know a person's genet­
ic makeup, which may spell out 
diseases-or mere predispositions 
to diseases-that will lead to a loss 
of coverage? Or should the infor­
mation remain confidential? 
Should we genetically screen 
people for incurable diseases? How 
does a young person live the rest 
of his life knowing he'll die of a 
degenerative brain disease like 
Huntington's chorea? 
While it promises to revolution­
ize medicine, mapping the human 
genome spawns a plethora of hard 
questions. Ifwe don't answer 
them, some say, the brave new 
world of genetics could be a 
depraved new world of inc on-
sol able angst, genetic discrimina­
tion, and cruel eugenic practices I as we seek to breed perfect people 
who will never want for jobs orI., insurance. 
The U.S. scientific community, 
however, is facing the hard ques­! tions head-on. The federal Human 
Genome Project, which coordi­i 
nates and funds gene mapping at 
Washington University and across 
the country, is devoting three per­
cent of its $3 billion budget over 
the next 15 years to studying the 
screening 
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societal ramifications of genome 
analysis. The goal is to equip us 
with a moral compass as we devel­
op and use the genetic map. 
Eric Juengst, who directs the 
bioethics program of the Human 
Genome Project in Bethesda, 
Maryland, says that the last few 
decades already have sensitized 
scientists to the "human dimen­
sion" of' genetics. In the 1970s, 
geneticists developing recombi­
nant DNA technology voluntarily 
slowed down the pace of their 
work to build in safeguards lest 
they contaminate the environment 
with dangerous pathogens. Too, 
researchers recall from that same 
decade the fiasco of screening for 
sickle-cell anemia. The federal 
government funded mass screen­
ings for this genetic disease, found 
mostly in the black community, 
and some states made the tests 
mandatory. 
However, an important distinc­
tion frequently wasn't made 
between disease victims-they 
have the prerequisite two copies of 
the sickle-cell gene-and the larg­
er population that carries only one 
gene and remains unaffected. As a 
result, some perfectly healthy peo­
ple with one sickle-cell gene were 
turned down for jobs, denied 
admission into the U.S. Air Force 
Academy, and charged higher 
rates by insurance companies. 
Juengst's wing of the Human 
Genome Project is conferring with 
major employers and representa­
tives of the insurance industry to 
determine what insurors and 
employers are entitled to know 
about a person's genetic blueprint, 
if anything, and how to use the 
data fairly. The issues are espe­
cially prickly for health insurors. 
Genetic screening allows them to 
avoid increasing bad risks at a 
time when too many people lack 
basic coverage. 
"There is a societal need to have 
insurance coverage that surpasses 
the economic needs of the insur­
ance companies," says Bernard 
D. Reams, Jr., Washington 
University law professor. Reams 
studies the use of an emerging 
medical experimentation medium 
as controversial as genetic screen­
ing-using fetal tissue to treat 
degenerative neurological diseases 
like Parkinson's and Alzheimer's. 
Both practices represent 
"unplowed fields" for the legal pro­
fession, he says. "We're dealing 
with technologies that are far in 
advance of jurisprudence." 
Eugenics, the science that deals 
with the improvement of heredi­
tary human qualities through con­
trolled reproduction, is another 
issue that concerns the Human 
Genome Project. There's no need 
to look abroad to the murderous 
racial theories of Nazi p ermany. 
The United States contTIbuted to 
the eugenics movement eaTlier in 
this century, restricting , " 
immigration of "inferior ,, 
biological stock," as ,, 
some groups were I , 
called, and steriliz­ I ' nw 
I /ing people of low 












Juengst, who holds a Ph.D. in "Beginning to breed a perfect 
philosophy from Georgetown human being is a dangerous proj­
University, says he's not worried ect," says Carl Wellman, professor 
so much about a new wave of of philosophy and Hortense and 
state-sponsored eugenics as he is Tobias Lewin Distinguished 
"consumer eugenics"-the quest Professor in the Humanities. "It's 
for the perfect baby. True enough, a good thing to do when you're 
prenatal genetic screening can breeding corn and cattle because 
spot lethal disorders like Tay­ we have a firm idea ofwhat we 
Sachs syndrome, allowing parents want in corn or cattle." The trou­
who believe in abortion to choose ble is, says Wellman, man's ideas 
that option. However, prenatal about ideal human traits have 
diagnosis also can identify the sex proven unscientific, elitisty and 
of a fetus-information that could even racist. 
lead some parents to end a preg­ Consumer eugenics can reflect 
nancy. If geneticists discover a set forces in the marketplace. 
of genes governing intelligence, Recently, a health maintenance 
will parents abort fetuses likely to organization told one couple in 
possess below-average intelli­ Louisiana that it would not pro­
gence? Or merely average intelli­ vide coverage for their unborn 
gence? What other individual pref­ child, who was diagnosed as hav­
erences and idiosyncrasies will ing cystic fibrosis. The HMO even­
enter into the decision? tually relented, but the episode 
illustrates how our health-care 
,"1\ system could penalize parents who 
" bear children with any sort of 
" medical problem, however severe 
N '-~' or slight. 
, The Human Genome Project 
public access , " also has dusted off the old debate 
J , on free will versus determinism. 
ne \ Juengst says there is some con­
' \ cern that the project, by explain­
\ ing human behavior so complete­
\ \ ly, will weaken our notions of 
\ \ individual freedom and respon­
, sibility. A few genetic defenses 
. • have already cropped 





predicts the Human Genome 
Project won't be the final 
'"ate information 
,S 
Illustration by R J. Shay 
word in the free will-determinism 
debate. Everyone, he says, must 
still play the DNA cards dealt him. 
No one will ever discover an hon­
esty gene. And besides, many 
philosophers view free will and 
determinism as compatible, if not 
paradoxical concepts, according to 
Wellman. 
The philosophical, ethical, and 
legal issues surrounding the 
Human Genome Project are not 
lost on the researchers them­
selves. Helen Donis-Keller, a pro­
fessor of genetics at the School of 
Medicine, approaches her vocation 
with a tender conscience. 
"There's an enormous responsi­
bility in making these maps for 
predictive diagnoses," says Donis­
Keller. "People use this informa­
tion for life and death decisions." 
To be sure, geneticists are not 
allowing potential abuses of their 
fiI}dings to stifle scientific curios­
ity. "People use basic chemical 
principles to make bombs," says 
Philip P. Green, assistant profes­
sor of genetics, ''but does that 
mean we shouldn't have invented 
chemistry?" However, scores of 
chemists and physicists have cam­
paigned to rid the world of those 
dreaded bombs. Juengst and oth­
ers in the Human Genome Project 
want to ensure that genetic 
research does not unleash simi­
larly destructive forces. They're 
doing their jobs as good physicians 
would-practicing preventive 
medicine. 
"The goal is to anticipate social 
implications of the work so we'll 
have policies in place to deal with 
them," says Juengst. "The project 
gives us a chance to do these kinds 
of assessments long before the 
issues are upon us." 
-Robert Lowes 
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F I E L D 
The promise of biotechnology and agriculture 
I
magine tomatoes that won't rot, 
strawberries basking in an early frost, 
corn that literally kills an insect try­
ing to feed on it, or cucumbers that 

stay cool in the heat of a virus attack. A 

field of dreams? 

The promise of biotechnology and agri­
culture. 
In laboratories and test plots around 
the world, the seeds of an agricultural rev­
olution are growing. By the year 2000, sci­
entists say that dozens of genetically engi­
neered food crops will be planted on com­
mercial and family farms. First among 
them? A disease-resistant tomato devel­
oped in the laboratories of Washington 
University and Monsanto Company. And 
, soon to follow? Crops with the potential to 
alleviate world hunger if the dreams of 
agricultural biotechnology come true. 




-~-'"'1 number of techniques used to manipulate 
specific genes of plants, animals, and·17 
I ~ 'A microorganisms. These techniques include 
I genetic engineering, the direct transfer ofI genes from one organism to another, and 
tissue culture, which generates whole~ 
plants from small samples of tissue. 
Biotechnology is not new in theory. 
Selective breeding dates back to the mid­~ ~ 
1800s when Gregor Mendel experimented
"" ­ with pea plants in his monastery garden. 
Today, crossbreeding plants and animals 
to produce hybrids with desired character­
istics is a routine practice. Yet when genes 
Hamster DNA 
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are mixed in selective breeding, results of 
the long, tedious process can be uncertain. 
On the other hand, in single gene trans­
fers, scientists can change an organism in 
very precise, predictable ways. They can 
genetically engineer plants and animals to 
reach maximum yield and production or to 
resist predation and disease. Selecting 
genes to enhance nutritional values may 
produce nutrient-rich crops, fat-free 
meats, and naturally decaffeinated coffee 
beans. 
Since scientists first inserted foreign 
genes into tobacco and petunia plants in 
1983, researchers have done genetic 
experiments on about 50 species of fruits, 
vegetables, and grains. Last year, the 
U.S. Department of Agriculture approved 
nearly 100 test plantings of crops geneti­
cally altered to resist pests and weed 
killers. 
The disease-resistant tomato, the 
world's first transgenic, or genetically 
engineered, food crop, has grown success­
fully in the labs, greenhouses, and test 
fields of Monsanto Company and 
Washington University. Roger Beachy, 
professor of biology and director of the 
Center for Plant Science and Biotech­
nology at Washington University, led the 
collaborative research team with Robert 
Fraley, director of Plant Science Tech­
nology at Monsanto. 
Chuck Hardwick is a St. Louis writer. 
t: 
They launched a series of experi­
ments with tobacco plants, the . ·"·F~ ·.~_ 1.
"white rat" of plant science, and the 
" .I .- - _' 'c ·" ccc' 
tobacco mosaic virus in the early 
1980s, when biologists first began to 
implement precise changes at a 'fl·f.t~': 
plant's DNA level. They constructed seeds for these crops, once.q'.o~ " . . • .... : ,..~\ :· t~ •target genes containing a viral-coat­ __ .4I11III........ ~ ........\ .~\ .  

ing protein and inserted them into 
tobacco leaf tissue. Plants regenerated 
from this tissue with a new-found ability 
to resist the virus. In 1987, the team 
applied the same process to tomato plants 
and again met with success. 
"The development of this technology is 
an excellent example of university and 
industry scientists collaborating to achieve 
a goal," Beachy says. "We had the gene 
and the concept; Monsanto had the trans­
fer mechanism and the regeneration tech­
nology. We put them together and created 
the first genetically engineered food crop." 
Researchers throughout the world have 
Selective breed­
ing: Top, biologist 
Barbara Schaal 
crosses two species 
ofManihot cassava. 
Tobacco plants: 
Above, the "white 
rat" ofplant science. 
employed the technique developed 
by Beachy and his colleagues. 
_.1 Cucumbers, alfalfa, potatoes, and
_,": / 
sugar beets join a list of crops suc­
cessfully altered to resist disease.j. , Beachy anticipates that commercial 
approved by federal regulatory 
agencies, will be available by the 
mid-1990s. 
For his efforts, Beachy received a 1991 
Common Wealth Award of Distinguished 
Service for Science and Invention. Officials 
at the Bank of Delaware, sponsor of the 
award, described Beachy's work as "the 
cornerstone that may provide new vari­
eties of pest- and disease-resistant crops 
for the world's population of the late 20th 
and early 21st centuries." 
Despite the potential benefits of 
biotechnology applied to agriculture, 
not everyone agrees on its application. 
Critics cite potential for giant food cartels, 
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much like oil cartels, that would control 
fertilizers, pesticides, and basic germ 
plasm stocks that carry reproductive cells . 
Others are concerned about food safety 
issues. 
One controversy centers on bovine 
somatotropin, or BST, a natural protein 
that cows secrete during milk production. 
Cows injected with a genetically engi­
neered version of BST can increase their 
milk production up to 40 percent, virtually 
overnight. 
Four U.S. companies-Cyanamid, Eli 
Lilly, Upjohn, and Monsanto-have 
attempted for several years to bring BST 
to the market. While the U.S. Food and 
Drug Administration continues to review 
the drug, some consumer advocates argue 
that existing research is insufficient in 
proving that dairy products from treated 
cows are safe for human consumption. 
BST is the first genetically engineered 
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Tending cultures: 
Roger Beachy, pro­
fessor of biology, 
examines genetically 
transformed plant 
tissue grown in a 
climate-controlled 
chamber in the 
University's Plant 
Growth Facility. 
substance to undergo the federal approval 
process . The outcome of the investigation 
may well determine the future of biotech­
nology in agriculture. 
Still other critics feel something is 
inherently wrong with disturbing the nat­
ural order of things. Beachy, however, sees 
the benefits of tampering with nature's 
plan . "Some argue that it is irresponsible 
to use biotechnology," he says. "To me, it 
seems irresponsible not to use it." 
Beachy believes that biotechnology will 
prevent chronic starvation cycles in devel­
oping countries, promising an adequate, 
safe food supply to a world population 
expected to reach 10 billion by the middle 
ofthe next century. Crops grown in tropi­
cal climates face a constant threat of mas­
sive losses from viruses. "In some areas of 
India, 60 to 80 percent of the rice crop has 
been lost to viruses we don't see in the 
U.S.," Beachy explains . "This kind of tech­
nology will be extremely important in the 
ability of India to feed its population." 
Beachy, whose research is partially 
funded by the Rockefeller Foundation and 
the U.s. Agency for International 
Development, is collaborating with a 
French research group, Institut Franyais 
de Recherche pour Ie Development en 
Cooperation (CORSTOM), to genetically 
engineer disease-resistant cassava plants, 
an important food crop in India, Mrica, 
and Latin America. The world's third 
largest source of calories, cassava is sus­
ceptible to at least 11 viruses. In Mrica 
alone, it is nearly impossible to find a dis­
ease-free plant. 
At this juncture, a lack of knowledge 
about cassava's cell structure has ham­
pered efforts to successfully regenerate the 
plant from tissue . The absence of such 
information does not phase Beachy. "I'm 
very optimistic," he says, "that with 12 
more months of study-by spring 1992­
the project will succeed." 
Cassava is also under study in 
Professor Barbara Schaal's laboratory. 
Schaal, associate chair of the biology 
department, agrees with Beachy that the 
techniques of biotechnology, when applied 
to a plant like cassava, could reap benefits 
with global impact. "The potential 
exists for feeding additional mil­
lions of people," she says. 
Schaal focuses on understanding, 
rather than altering, the genetic 
structure of cassava. Using recom­
binant DNA technology, Schaal and 
her colleagues analyze genetic vari­
ation within species to understand 
plant evolution. Analyzing and 
cassava grow throughout the world, 
genetic fingerprinting can ensure 
preservation of all varieties. 
Biologist Joseph Varner uses 
another fingerprinting technique to 
look into the structure of plant cells. 
Called "tissue printing," the method 
is faster, cheaper, and more efficient 
than traditional methods of fixing, 
embedding, sectioning, and staining 
comparing the genetic structure of 
cultivated cassava to that of related 
wild species may assist future 
efforts to improve the crop. 
"No one knows which wild rela­
tive of cassava gave rise to the cul­
tivated form ," Schaal explains. "We 
need to know which wild species 
are closely related so that they 
may serve as reservoirs of genes 
for future crop improvement. For 
example, cassava spoils easily. 
With genetic engineering, we could 
potentially introduce a gene or 
genes from a wild relative that 
helps retard spoiling. But first we 
have to identify that particular 
species." Schaal describes another 
species-a nearly extinct, cold­
tolerant type of cassava found only 
recently in Texas-to make her point. Its 
ability to withstand cold temperatures 
could be genetically transfered to another 
species of the plant. 
Many of cassava's wild relatives grow in 
Third World areas threatened with 
destruction by encroaching civilization. 
"The genetic diversity found in the wild is 
very important to agriculture," Schaal 
says, "and the ability of the world to feed 
itself." 
Schaal uses genetic fingerprinting in 
the effort to preserve wild lineages of food 
crops such as cassava. When isolating 
DNA, a unique genetic pattern emerges 
similar to a fingerprint or computer bar 
code. The pattern can be used to identify 
different varieties of crops. With a genetic 
fingerprint , scientists can distinguish a 
McIntosh apple from a Jonathan or track 
the origin and identity of grape varieties 
for specifi c wines. Since species related to 
Regeneration: 
Top, preparing a 
seedling for genetic 
transformation. 
Center, altered 
plant tissue on a 
solidified nutrient 
medium. Above, leaf 
segments regenerate 
to produce whole 
plants. 
plant tissue. 
Varner, Charles Rebstock 
Professor of Biology, has revitalized 
a technique that, in concept, dates 
back thousands of years to the 
imprints of cereal grains on ancient 
pottery. In tissue printing, a freshly 
cut plant section is pressed onto 
nitrocellulose paper to reveal imme­
diatelya detailed print of its tissue 
and cells. "It's also related to the use 
of Scotch tape to lift fingerprints," 
explains Varner, "and to the use of 
cellulose acetate to make epidermal 
prints in plants. You could say the 
theory is similar to the instant cam­
era. As simple as it is, it provides 
wonderful access to some sophisticat­
ed biology." 
Chemical information about plant 
cells can be gained by examining tissue 
prints with specific radioactive probes or by 
using assays and staining procedures. 
Molecular biologists using genetic engi­
neering techniques can employ tissue 
printing to monitor processes inside plant 
cells and tissues. For example, Beachy's lab 
is using the technique to follow the course 
of virus infections in a number of important 
crop species. 
Varner initiated the preparation of a lab­
oratory manual and published several 
papers on his tissue printing technique. 
Dozens of scientists have adopted his proce­
dures and use tissue printing to screen the 
results of their work. "A scientist can 
screen plant tissue of genetically engi­
neered plants to see if the mutant plants 
are expressing a certain gene," Varner 
says, "by lining up the mutant plants and 
taking a print of each one. In the course of 
an eight-hour day, you can get 2,000 prints 
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easily. Then you use an antibody 
probe or a nucleic acid probe to 
find out which plants are express­
ing the gene." 
Understanding genetic expres­
sion interests Associate Professor 
of Biology Robert Landick. He 
studies the molecular process 
respohsible fOr growth and devel­
opment. What are the mecha­
nisms that determine when genes 
turn on and oft? How, for exam­
ple, are certain genes turned on 
to promote growth and then sub­
sequently shut off to prevent cells 
from multiplying out of control? 
(Loss of such regulation is a key 
cause of cancer.) To understand 
these mechanisms, Landick iso­
lates and analyzes actively tran­
scribing RNA polymerase 
molecules, the enzymes that read 
information from DNA. 
"The process is not unlike a 
random-access tape drive in a 
computer," explains Landick, 
who is also assistant professor 
of biochemistry and molecular 
biophysics. "RNA polymerase 
acts like the head of the tape 
drive, moving to a selected piece 
ofthe DNA and reading the 
information. We want to know 
how the enzyme determines 
where to start and stop and pre­
cisely how the reading mecha­
nism works." 
Although Landick says his 
research is somewhat removed 
teaching. He developed an 
undergraduate lab course on 
DNA manipulation and active­
ly supports summer workshops 
on the fundamentals of genetic 
engineering for high school 
teachers. Landick, named a 
Searle Scholar in 1987 and 
honored with the National 
Science Foundation's 
Presidential Young 
Investigator award in 1989, 
emphasizes the importance of 
getting students excited about 
science and encourages public 
support for basic scientific 
research. 
He points out that genetic 
engineering and recombinant 
DNA technology developed 
from basic research "probably 
so esoteric, nobody cared about 
it. It's likely that key advances 
in agricultural biotechnology 
will come from basic research," 
says Landick , "but no one can 
tell now what they will be. 
Scientists often stumble onto 
something and begin to under­
stand the implications after­
ward." 
For Landick, that process of 
discovery leads to the thrill of 
science. His challenge lies in 
the quest for answers while 
other scientists, like Beachy 
and his colleagues, look for 
applications, as well. 
Beachy says that his work 
from agriculture, he acknowl­
edges the important implications it holds 
for genetic engineering. "Just getting the 
gene into an organism may not be 
enough ," he says. 'ry ou have to figure out 
when to keep the gene silent and when to 
turn it on. We're trying to understand how 
to control that." 
Landick is more concerned with finding 
answers to basic research questions than 
with applications that may result. His 
approach and commitment to research go 
hand-in-hand with a commitment to 
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Novel insights: Top, 
Joseph Varner prac­




student Cathy Chan 
load a DNA sequenc­
ing gel. 
follows the path established by 
Gregor Mendel as a plant breeder. The 
tools of biotechnology, however, have 
replaced the workings of chance. Landick 
also follows in Mendel's footsteps, believ­
ing that new insights into the fundamen­
tal laws of gene regulation will produce 
more powerful applications. 
These approaches, and others following 
suit, may well lead to healthier harvests 
and plentiful crops as biotechnology 
assumes a productive role in the develop­
ment of worldwide agriculture. • 
I 
Antibiotics contain violent molecules; they enter the body fighting and attack not only the diseases they are aimed against 
but also other, less harmful microorgan­
isms. Vaccines are gentler. Because each 
vaccine mimics a specific disease-causing 
microorganism, the immune system 
responds by producing a specific 
molecule---4:alled an antibodY---4:ustom­
designed to attack only that disease. 
''Vaccines interfere with the system in a 
very mild way," explains Staffan 
Normark, head of the Department of 
Molecular Microbiology at the School of 
Medicine. "They're very ecological." 
Although vaccination is not a new discov­
ery-in the late 18th century Edward 
Jenner realized that injections of the 
harmless cowpox virus could protect 
patients against the deadly smallpox 
virus-scientists at Washington 
University and throughout the world have 
added a new twist. In the search to better 
" understand ancient diseases, they have 
merged their study of vaccines with genet­
ic engineering-a technology that came of 
age in the 1970s. 
Roy Curtiss III, chair of the Depart­
ment of Biology, and Normark are two key 
Janni Lee Simner, A.B.'89, is assistant 
publications editor at Washington 
University. 




Turning to genetics and the ecology of vaccines 
to unravel the mechanism of disease 
ByJanni Lee Simner 
players in this research . Curtiss, George 
William and Irene Koechig Freiberg 
Professor of Biology, emphasizes that his 
department's goal is not to simply mass 
produce vaccines. "Our objective is to fig­
ure out how bacterial pathogens cause dis­
ease, how they colonize and invade cells­
very basic inquiry. 
"If you end up with a discovery that 
comes from your very basic inquiry, it 
would not be in the public interest if you 
hid it in a drawer and didn't do anything 
with it," he continues. "That would be like 
being given the gift of an operatic voice 
and never singing to anyone." 
Curtiss focuses on live vaccines, which 
can be made in small quantities and sent 
into the body to reproduce. Normark 
works with dead vaccines, which can't 
multiply on their own and must be pro­
duced in large quantities outside of the 
body. Both types of vaccines have advan­
tages and disadvantages. Live vaccines 
are inexpensive because of their small 
quantities but on rare occasions can 
induce the illness they are designed to 
fight. Dead vaccines are more expensive 
but are also easier to control and less like­
ly to produce side effects. Both types of 
vaccines play important roles. Polio is con­
trolled by a live vaccine; measles, rubella, 
and mumps are controlled by dead vac­
cines. 
In spite of their different approaches, 
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Spirit of inquiry: 
Biology professor Roy 




tant Steve Tinge. 
'We use very basic 
approaches to under­
standing genetic 
control over life," 
explains Curtiss . 
"Our mission as 
investigators paral­
lels our instructional 
goals. We train our 
students to think and 
ask good questions." 
Normark's and Curtiss' experiments have 
much in common. Each scientist has cho­
sen a primary disease as a model on which 
to focus. Curtiss' model is dental caries­
more commonly known as tooth decay-a 
disease caused when the bacterium 
Streptococcus mutans binds to the surface 
of one's teeth. Normark's model is an 
infection that occurs in young children 
when the bacterium Escherichia coli 
(E. coli) binds to the wall of the upper uri­
nary tract. Both strains of bacteria sport 
binding proteins that attach to the sur­
faces of their hosts; both researchers are 
fighting these bacteria by learning more 
about the DNA sequences that contain the 
genetic codes, or instructions, for building 
the binding proteins. 
Curtiss has isolated the DNA sequence 
for Streptococcus mutans' binding protein 
and has introduced this sequence into 
another bacterium, Salmonella. In its nat­
ural form, Salmonella is the deadly source 
of such diseases as typhoid fever; however, 
it can be modified so that it no longer 
causes the disease. Once within 
Salmonella, the DNA sequence produces 
the same binding protein it produces with­
in Streptococcus mutans. However, 
because Salmonella are programmed to 
infect the intestines, not the mouth, the 
binding protein never gets close enough to 
the teeth to stick to them. The body, how­
ever, still detects the binding protein and, 
therefore, produces antibodies against it-
antibodies that also will a ttack the 
Streptococcus mutans tha t causes dental 
caries. 
Another disease Curtiss studies is lep­
rosy. He is developing a vaccine for the 
disease with his wife, Josephine Clark­
Curtiss, research assistant professor of 
microbiology. He also has begun work on a 
fertility vaccine that would produce anti­
bodies to temporarily stop sperm cells 
from fertilizing eggs. Unlike current meth­
ods of birth con trol, such a vaccine could 
be administered to both men and women. 
Normark, on the other hand, is altering 
the DNA sequence for E. coli's binding 
protein, found on the end of a long fiber 
comprised of many proteins and extended 
from the bacterium's surface; Normark 
seeks to separate the binding protein from 
the rest of the fiber. Removed from E. coli , 
this protein will not cause infection when 
it binds to the upper urinary tract but may 
cause the body to produce antibodies . 
To isolate the binding protein, Normark 
first mutates another specialized protein 
on E. coli's surface. Called an assembly 
protein, this molecule helps link the fiber 
proteins together. By altering the assem­
bly protein's DNA sequence, Normark 
causes the fiber proteins to pile up, 
unlinked, within E . coli. He then makes a 
second genetic modification , one that caus­
es the binding protein to be produced in 
much larger quantities than the other 




fiber proteins. Working with Scott 
Hultgren, assistant professor of molecular 
microbiology, Normark successfully isolat­
ed the binding protein. Now, he is collabo­
rating with a group from Stanford Univer­
sity that will test whether the isolated 
protein stimulates antibody production. 
Like Curtiss, Normark sees his work 
with upper urinary tract infection as a 
model and is using the techniques he 
learns to ask questions about other dis­
eases. These diseases include gastritis, or 
inflammation of the stomach, and gonor­
rhea. A gastritis vaccine would be espe­
cially useful because the disease is so com­
mon and because antibiotics are ineffec­
tive against it. Antibiotics only attack 
growing bacteria, and at any given time, 
most of the bacteria responsible for gastri­
tis are at rest. "These bacteria are very 
hard to treat [with antibiotics]," Normark 
says, "extremely hard." 
Normark and Curtiss are not alone in 
their work to better understand the mech­
anisms of disease. Other faculty members 
are involved in similar efforts, using both 
the techniques described above and proce­
dures of their own. Ellen Li, assistant pro­
fessor of medicine, is developing a 
Salmonella vaccine against a parasite that 
causes amoebic dysentery, a disease char­
acterized by abdominal pains and diar­
rhea. David Russell, associate professor of 
molecular microbiology, is developing a 
live vaccine for leishmaniasis, a tropical 
disease with effects ranging from skin 
sores to deep, eroding lesions. 
Robert Munson, Jr., associate professor 
of pedia trics and molecular microbiology, 
is studying the surface proteins of a bacte­
ria that causes meningitis. Although a 
nongenetic meningitis vaccine already 
exists, his work might help improve future 
generations of the vaccine. More immedi­
ately, this work will help increase biolo­
gists' understanding of bacterial protein 
structure. 
Charles Rice, associate professor of 
molecular microbiology, seeks to better 
understand both the deadly yellow fever 
virus and the mutated, harmless form of 
the virus that is used as a vaccine. 
Although these viruses store their infor­
mation in RNA, rather than DNA, Rice 
and co-workers have artificially produced 
DNA strands that contain yellow fever's 
genetic information and allow recovery of 
infectious virus. Using this "DNA copy," 
they can study the effect of specific genetic 
alterations on virus replication and patho­
genesis. 
As research progresses, undoubtedly 
new questions will arise. These questions 
will raise challenges that will require fur­
ther modifications of the genetic tech­
niques already in place. "They will require 
rethinking and new strategies," Curtiss 
says. But for someone dedicated to basic 
inquiry, this rethinking is not a setback. 
Rather, Curtiss says, "it is what makes 





Mary Jo Wick, 
research associate, 
investigate the muta­
tions on Escherichia 
coli (E. coli). 
Binding protein: 
Center, a uropath­
ogenic strain of 
E. coli shows the 
adhesive surface 
organelles, known as 
pili. By studying the 




Scott Hultgren, who 
photographed the 
bacterium, can 
design drugs that 
react to the pili to 
prevent disease. 






Pianist Seth Carlin evens the score 
between the period instrument revival and 
conventional music ll1aking. 
Last August, Seth Carlin took part in "The Great Piano Debate" at New York's Bard College on a topic that has long been close to his heart: is 19th-century piano litera­ture better performed on instruments of the period or on 
the modern grand? Carlin, professor of music at Washington, 
strongly believes in the advantages of the earlier instruments, 
and at this event he had a compelling way to prove his point. 
On stage sat an 1883 Bechstein and a modern Steinway 
grand. Moving deftly from one to another, Carlin repeated 
portions of a piece, ''Variations and Fugue on a Theme by 
Handel," by 19th-century composer Johannes Brahms. "I 
wanted to show that you could actually follow Brahms' ped­
alling on the Bechstein while you couldn't on the Steinway," 
he says. "It gave people a chance to compare and contrast 
sounds." 
Among those impressed was a music critic for The New 
York Times, not known for its period instrument sentiment. 
On the later instrument, he admitted, "the harmonies amass 
in a murky viscous flow." But on the Bechstein, "with one har­
mony melting limpidly into the next, the effect was stunning, 
and it was evident that many in the audience had glimpsed 
anew, or for the first time, the potential advantages offered by 
historical instruments." Carlin's demonstration, he added 
enthusiastically, marked "the high point of the weekend." 
For the past 20 years, Carlin has earned such praise from 
audiences and critics alike. Winner of several prestigious 
piano competitions, he has played in nearly every state and in 
several countries abroad, including the People's Republic of 
China. He has performed with a host of fine orchestras, the 
St. Louis Symphony and the Boston Pops among them. In fre­
quent chamber recitals or summer festivals, he has collaborat­
ed with such prominent artists as violinist Pinchas Zukerman, 
cellist Leslie Parnas, and horn player Barry Tuckwell. 
To St. Louis audiences, Carlin may still be best known for 
his recitals on the modern grand piano; a talented generalist, 
he has a wide-ranging repertoire of later pieces--everything 
from Chopin to new compositions written by members of his 
department. But his growing national reputation centers on 
his work as a specialist on the fortepiano and in the earlier 
composers whose work he most enjoys. 
Interpreting early composers: Seth Carlin performs on a repro­
duction ofan 1824 Viennese fortepiano built by R. T. Regier of 
Freeport, Maine. Although it produces less than a dozen period key­
board instruments a year, Regier's shop is the country's major source 
of such reproductions. 
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"Seth is rapidly becoming known as one 
of the world's premier performers on the 
fortepiano," says Jeffrey Kurtzman, pro­
fessor of music and chair of the music 
department at Washington. "His grasp of 
late 18th- and early 19th-century musical 
style is superior, and his ability to articu­
late that grasp on the instruments for 
which the music was written is really 
quite astonishing." 
Last spring, Carlin received new proof 
of his growing reputation when the 
National Endowment for the Arts gave 
him its maximum award, a $15,000 solo 
recitalist project grant. With this funding, 
he will play the complete cycle of 11 
sonatas by early 19th-century composer 
Franz Schubert. Performances are sched­
uled in New York City's Merkin Concert 
Hall during the 1991-92 season. AB a fur­
ther vote of confidence, the University has 
provided funds for Carlin to present the 
cycle in St. Louis, one concert each 
semester. The third recital in this series, 
presented in November 1990, featured a 
four-hand piece performed with a guest 
artist-his wife, accomplished harpsi­
chordist Maryse Carlin. 
--=-­
Reviving Early Instruments 
At the Schubert performances, Carlin 
plays an elegant reproduction of an 1824 
Viennese fortepiano, purchased last year 
by the University's music department 
largely for his use. Handcrafted by builder 
R. T. Regier of Freeport, Maine, at a cost 
of $24,000, this gleaming cherrywood 
instrument bears only limited resem­
blance to its musical descendant, the mod­
ern concert grand. Smaller and narrower 
in size, it includes such unfamiliar ele­
ments as leather-covered hammers 
(opposed to felt-covered) and a lightly 
strung wood (not cast-iron) frame. Its com­
pass is different, too, since it has just six 
and a half octaves instead of the now-stan­
dard seven and a third. 
Still, such fortepianos have helped 
Candace O'Connor is a St. Louis-based 
writer and editor. 
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make possible what Carlin believes to be 
perhaps the most significant development 
in 20th-century musical performance. On 
these replicas, along with the handful of 
available antiques, performers can achieve 
the same light touch, the same crisp ped­
alling, the same clear tone intended by the 
composers who had these instruments in 
mind. The result? Surprising new sounds, 
even radical reinterpretations of familiar 
pieces. 
Carlin's stance places him squarely in 
opposition to the group he calls "main­
stream musicians," who believe it's just 
fine, for example, to playa Mozart sonata 
on a Steinway grand . They've trained to 
do it that way, and it's less bother than 
fussing with hard-to-find, quirky period 
instruments. Some even argue that the 
early instrument revival indicates a cer­
tain degeneracy in our culture. Where's 
the vitality of current music making if 
we're so overly concerned about a compos­
er's original intention? 
"There is nothing especially new about 
what regularly passes on the concert stage 
for music making. That, to me, is often 
boring and predictable," Carlin says point­
edly. ''What's exciting and new is rediscov­
ering a lost tradition." 
When he plays Mozart on a modern 
piano he is forced, he insists, to limit him­
self to a portion of that instrument's capa­
bilities. ''You're deciding not to play too 
loudly or not to use too much pedal. It 
becomes an exercise in decorum," he says. 
"But that's all artificial and stems from 
the fact that you're using the wrong frame 
of reference." 
There is a broader motivation as well 
for the current movement toward fresh 
interpretation based on older techniques, 
he adds. In many ways, classical music is 
currently in a state of crisis. Ever .since 
Arnold Schoenberg startled listeners ear­
lier this century with his strange new dis­
sonances, composers have been producing 
music that the public rejects. One way to 
accommodate recalcitrant audiences, 
Carlin points out, has been to turn back to 
traditional favorites. But in a market sat­
'14 problem that 
often crops up 
in teaching is the 





to be applied to 
modern piano 
pedagogy. " 
urated with traditional interpretations of 
this familiar music, the period instrument 
revival offers an exciting new direction. 
~
Preparing Repertoire 
Why has Schubert's music intrigued the 
professor of music? "It has a freshness of 
invention, it's very original, and it's also 
romantic, within a classical framework," 
says Carlin with quiet animation. Yet for 
years, Schubert's sonatas were also 
neglected-rejected as too long, too dif­
fuse, and too bland. 
None of that is true, Carlin insists, 
though he admits that Schubert poses cer­
tain challenges. Technically, some parts 
are really quite "nasty"; and artistically, 
the pages and pages of soft, delicate play­
ing require enough clarity and musical 
shape to draw the interest of the audience. 
"There's an old law that the audience 
will applaud in proportion to the loudness 
Keys to a class act: Sophomore Anastasia 
Lindo, at the Steinway grand, enjoys a lightheart­
ed moment with Professor Seth Carlin, right, and 
classmates. Lindo, freshman Michael Wolfe, left, 
andjunior David Wang study technique and 
repertoire in Carlin's Tietjens Hall studio. 
of the ending," he says. "All things being 
equal, that's probably true. But in a lot of 
Schubert, nothing dramatic happens at 
the end. To make it come off, you have to 
do it just right; otherwise it will misfire." 
Months before a concert, Carlin starts 
preparing a piece. He practices until he 
has it in good shape, then puts it aside 
and moves on to other repertoire. This pro­
cess, he says tongue-in-cheek, is a little 
like making a fine wine, then letting it 
age. A week or so before the performance, 
he picks up the piece again and goes over 
it daily, making final adjustments. 
Sometimes he asks his wife, herself a 
critically acclaimed recitalist, to listen and 
advise him. The first floor of their 80-year­
old home, on a quiet street near campus, is 
dominated by their joint instrument collec­
tion: an 1870 English-made Broadwood 
piano with elaborate inlay and marquetry; 
a 1984 replica of a 1796 fortepiano by 
Viennese maker J. J. Koennicke; Maryse's 
beautiful copy of a 1706 Dumont harpsi­
chord; and Carlin's own first piano, a 
shiny, 35-year-old Steinway baby grand. 
What happens on the day of the con­
cert, says Carlin, isn't really important. 
"It's the work I've done during the two 
previous months that matters," he shrugs. 
"If the work is there, I can relax and enjoy 
myself on the day of the concert. If the 
work isn't there, nothing I can do that day 
will make any difference." 
Enjoy himself? "I wouldn't do this if I 
didn't. And if I can't project a sense of 
enjoyment, that's missing the point." 
This summer, he faced a test of his 
nerves at the Newport Music Festival 
where he was planning to perform three 
Schubert sonatas. Also on the schedule 
was a Soviet pianist, winner of the 
Tchaikovsky competition, who announced 
that he was not prepared to play 
Schubert's Sonata in A Major, op. post., as 
planned. The impresario asked Carlin 
whether he could step in. Though Carlin 
hadn't played the piece for some time, he 
had previously recorded it on the Titanic 
record label. He graciously obliged. 
"It came off very well," he says modest­
ly. "In that situation, everyone is rooting 
for you. Actually, I think I played better 
because of the unusual circumstances of 
the concert. It was known that I only had 
a day to prepare that piece." 
~
Musical Roots 
Carlin, who grew up on Long Island, 
began taking piano lessons at age 6. His 
father, an electrical engineering professor, 
played the flute, and his mother, the 
piano, but there were no professional 
musicians in his family . By age 9, Carlin 
was soloing on the radio,"though I really 
didn't practice very much," he claims, and 
a year later played with orchestras. 
Mter much performing in high school , 
he decided to explore other fields . When he 
entered Harvard University in 1962, he 
chose to major in physics-a subject he 
still finds interesting. Often a few of the 
11 or so private students he teaches each 
year are science majors, and he'll talk with 
them about new developments. 
Mter two years at Harvard, Carlin 
missed music. He took a leave of absence 
to spend a year studying with pianist 
Jules Gentil at the prestigious Ecole 
Normale de Musique in Paris. At the end 
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Hands on a prize: The fortepiano allows 
"fresh interpretation based on older techniques," 
says Carlin. 
of that year, he received on the annual 
exam the highest ranking in the school, 
and his teacher arranged a scholarship for 
a second year of study. "And at the end of 
that year," he says, "I met Maryse," who 
had grown up in a small town near the 
French Pyrenees and was then a new 
Gentil student, "so that's why I decided to 
stay a third year." 
Back home again, another fateful meet­
ing helped steer him toward a new instru­
ment. His parents moved to Ithaca, New 
York, and bought a house next door to 
Malcolm Bilson, founder and leader of the 
fortepiano movement. Carlin, who recently 
played his first forte piano recital, per­
formed for Bilson. Impressed, the fortepi ­





ing music, » 
contends Carlin, 
((is the way the 
analytical and 
the visceral must 
converge. )) 
Carlin finished Harvard as a music 
major, graduated with honors, then earned 
a master's degree from the Juilliard 
School. Meanwhile, Maryse earned her 
graduate degree from the University of 
Paris, and in 1970 they were married. 
Carlin spent three years on the faculty of 
Hiram College and six more at Phillips 
Exeter Academy in Boston before he and 
Maryse moved to St. Louis in 1979. Today, 
they have two children-Tova, 12, and 
Daniel, 9-both with a flair for music. 
~
A Study in Technique 
"Perhaps the most fascinating aspect of 
studying music," contends Carlin, "is the 
way the analytical and the visceral must 
converge. Some would have us believe that 
one type of approach to music making pre­
cludes the other-that right and left brain 
are somehow incompatible, to use current 
psychological terminology. I've never felt 
one could achieve a moving and significant 
musical performance without thoroughly 
integrating the two." 
He currently is taken with pedalling 
technique and the way different composers 
approach it. Studying a wide range of orig­
inal scores reveals the vast differences in 
the amount and type of pedalling indicat­
ed. Also to be considered is the evidence of 
19th-century treatises on performance, 
which describe modes of pedalling that are 
quite foreign to techniques modern players 
usually employ. 
Mozart gave no pedal markings 
although his fortepianos were generally 
equipped with damper-raising knee levers, 
and many passages in his music clearly 
call for their use. Haydn has one pedal 
mark in all his music, and its notation and 
context are quite unusual. Beethoven usu­
ally marked places where he wanted a spe­
cial effect. Schumann often simply marked 
"pedal"-the pianist decides where to use 
it. Chopin was extremely precise and noted 
exactly where to pedal, but his indications 
are often quite problematic, especially 
when observed on a modern piano. 
"A more general problem that often 
crops up in teaching," offers Carlin, "is the 
extent to which insights gleaned from 
early instruments and early sources ought 
to be applied to modern piano pedagogy. 
It's often blandly asserted that we can 
learn from the early instruments, which is 
certainly true, but often what we do learn 
can't just be applied in a simple way. If 
you analyze how performance parameters 
such as tempo, phrasing, articulation, and 
pedal ought to be applied to a modern 
Steinway, as opposed to a 1790s Walter, 
the answers may be radically different." 
Carlin considers himself something of a 
proselytizer for fortepiano and has each of 
his Washington students try playing on it 
at least once or twice, but he is tolerant of 
a broad range of reactions. Most students 
find the experience interesting but don't 
feel they're ready for the considerable 
technical adjustments the instrument 
demands. Others do proceed to concen­
trated fortepiano work, though none to 
date has entirely given up modern piano. 
"Any option is fine; the important thing is 
the music," Carlin insists. 
Along with his students, master classes, 
and occasional courses in piano literature 
or theory, Carlin has been involved in a 
number of interesting musical projects. 
Recent solo engagements with conductor 
Roger Norrington at the Michigan 
Mozartfest and with Frederick Renz and 
the Grande Bande in New York City, and 
chamber music with cellist Anner Bylsma 
at the Schubert Club in Minneapolis have 
proven exciting and musically fulfilling. 
This spring, in addition to continuing 
the Schubert sonata series, he will collabo­
rate with newly named Saint Louis 
Symphony concertmistress Nina Bodnar 
and principal cellist John Sant-Ambrogio. 
He has scheduled a recital with the 
University's new voice faculty member 
John Stewart and a two-piano concert 
with Maryse Carlin. A return engagement 
at the Newport Music Festival in Rhode 
Island and a soon-to-be-released compact 
disc from Titanic make for a promising 
year. 
When asked to select highlights from 
his career, however, Carlin contemplates 
the question. "They're all in the future," he 
answers, smiling. • 
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The Distinctive Mark of 
Donald L. Bryant, Jr. 
Last summer Donald L. Bryant, Jr., 
J .D.'67, and his son, Derek, took off 
for a 24-day, around-the-world 
journey by private plane. The trip­
a high school graduation present for 
Derek-gave Don a chance to share 
some special moments with his 
oldest child at a time of transition 
in their relationship. 
The globe-hopping trek was not 
intended to be a free ride for Derek, 
now a freshman at Washington and 
Lee University. ''The payback ," 
explains Don, "was that he had to 
read a 50-page notebook fd prepared 
on my philosophy oflife." Among the 
many ideas passed from father to son 
was the belief that an education 
should prepare one to take ad­
vantage of all opportunities in life. 
"While you're in school, you don't 
always know what you'll be doing 25 
years down the road," says Don. "I 
wanted Derek to see the broader 
picture." 
This wisdom grew from Don's own 
expelience. After earning a bache­
lor's degree in economics at Denison 
University in Ohio, Don returned to 
St. Louis to study law at Washing­
ton. Unlike most of his classmates, 
he never intended to become a 
lawyer; he planned a career in Donald L. Bryant, Jr. 
business and considered law school 
a natural extension of his under­ insurance programs, was one of the ates for many career paths. Don 
graduate liberal arts education. first in the industry to buy and use rose to the pinnacle of the insurance 
"Law provides a great background computers. At 48, Don is the senior profession with amazing rapidity, 
for a career in business," he says. "It member of the firm; most employees drawing on his own entrepreneurial 
helps you organize your thoughts are in their 20s or 30s. talent, his capacity for hard work, 
and learn to handle issues." Don is one of several University and his legal training." 
After graduation, he went to law graduates who have achieved Don's office, with its views of 
work for a major insurance company. outstanding successes in business St. Louis' Gateway Mall , the Old 
Five years later, he set out on his without ever having practiced law. Courthouse framed by the Arch, 
own. His company, Bryant Group, That's neither unusual nor sur­ and Busch Stadium, symbolizes his 
Inc. (he's chairman and CEO), which prising to Dorsey D. Ellis, Jr., dean strong connection with the city. "I 
designs executive benefit plans for of Washington's School of Law: "Don came back to St. Louis because I 
public and privately held corpora­ Bryant's remarkably successful wanted to attend a good, quality 
tions and funds corporate and career epitomizes the role legal school that taught national law 
personal liability through special education plays in preparing gradu- rather than state law," recalled 
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Don, "and because I wanted to go 
into business in St. Louis. 
"At the University, I developed 
good relationships with faculty and 
fellow students." Don mentions 
continuing friendships with Pro­
fessors David Becker, Jules Gerard, 
and Dale Swihart. Fellow law alwnni 
are part of his business life: Dale 
Cammon, J.D.'75, is president of 
Bryant Group, and Don's classmate 
Larry Brody, J.D.'67, with the firm 
of Bryan, Cave, McPheeters & 
McRoberts, is corporate counsel. 
Don's community interests belie 
the stereotype of the entrepreneur 
single-mindedly pursuing success. 
In fact, his record of involvement in 
community and charitable organi­
zations has lengthened as his com­
pany has succeeded. One reason, he 
says, regards his philosophy of 
hiring smart people. Most of those 
who came on board early were, in 
his words, "overqualified people 
whose extra abilities and creativity 
helped the company grow and 
succeed." Another reason supports 
his convictions that a strong com­
mitment to the community's organi­
zations improves the quality oflife 
for everyone. 
Organizations with which he has 
had long-standing relationships 
include the St. Louis Council of Boy 
Scouts ofAmerica and the United 
Way of St. Louis. He currently 
devotes many hours to his duties as 
president of the inner-city Herbert 
Hoover Boys Club. He is also a 
member of the boards of directors of 
the Arts & Education Council of 
St. Louis, Dance St. Louis, Opera 
Theatre of Saint Louis, and the 
Saint Louis Art Museum, and a 
trustee of St. Louis Country Day 
Preparatory School. He has volun­
teered time and talents to the 
Emergency Children's Home, St. 
Louis Mental Health Association, 
St. Louis University, Denison 
University, Students in Free Enter­
prise, and Central Presbyterian 
Church. He has been an active and 
creative fundraiser for most of these 
organizations. 
He has served Washington's 
School of Law in many capacities. 
A 1990 recipient of a Distinguished 
Law Alumni Award, he began his 
volunteer service to the School as 
class fund chair in 1970. He has 
• 
Unlike most of his classmates, 
Bryant never intended to 
practice law. He planned a 
career in business and 
considered law school a natural 
extension of his undergraduate 
liberal arts education. 
• 
served the School as a member of 
its Capital Resources Committee, a 
member of its William Greenleaf 
Eliot Society Membership Com­
mittee, and as host for his 20th 
class reunion. He is a current mem­
ber of the National Council for the 
School of Law. 
Don has worked to advance other 
areas of the University. He was a 
member of the Development Com­
mittee for the School ofMedicine's 
Clinical Sciences Research Building, 
dedicated in October 1984. From 
1985 until this past summer, he held 
University-wide offices in the 
William GreenleafEliot Society, first 
as membership chair and then as 
the first chair of the Society's Patrons 
Division, which includes the Uni­
versity's most generous annual 
contributors. He and his wife are 
annual Patrons and Life Members 
of the Eliot Society. 
Despite his devotion to family 
and community interests, Don 
manages to carve out time for other 
activities. He plays golf around the 
country-he boasted a 1 handicap 
as Bellerive Country Club champion 
in 1976-and engages in a well­
practiced appreciation of art. 
Don admits he resisted taking 
an art appreciation course at Deni­
son; in retrospect, it was one of his 
favorite classes. It gave him one 
more interest to share with his wife, 
Barbara, A.B.'68, who graduated 
from Washington with a degree in 
art history. Their home and his 
company's offices reflect a commit­
ment to live and work in the pres­
ence of fine art. Don has built his 
collection through contacts made 
while serving on the board of direc­
tors of the Saint Louis Art Museum, 
which he considers one of the best 
museums in the country. 
A longtime wine hobbyist, Don 
maintains extensive wine cellars in 
homes in both St. Louis and 
southern California, where Bryant 
Group, Inc., does considerable 
business. On a family trip to visit 
friends a few years ago, he and 
Barbara fell in love with the Napa 
Valley; they ended up with a 20-acre 
vineyard capable of gro\ving high­
quality cabernet sauvignon grapes. 
They first sold their grapes to a 
winery; then, after a tasting last 
October, decided to produce their 
own private-label wine. The 1990 
vintage from Bryant Vineyards, 
which Don calls "a fruity, full­
bodied, black cherry-flavored caber­
net sauvignon," will be distributed 
in 1993. 
Don Bryant has left his distinctive 
mark on the business community 
and on many St. Louis organizations. 
Why not on the label of a fine 
California cabernet? • 
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Link to a World Library 
by Shirley K Baker 
The evidence against an accepted 
scientific truth mounts over time. 
When the weight of that evidence is 
sufficient, the old paradigm collapses, 
and a new sense of truth, a new 
paradigm, forms. This explanation of 
the evolution of scientific thought 
was posited by Thomas Kuhn in his 
1962 publication, The Structure of 
Scientific Revolutions. I first read 
Kuhn's book as a graduate student 
at the University of Chicago. The 
thesis was compelling and was dis­
cussed in classes as disparate as 
classification theory and cultural 
anthropology. With a vague memory 
of its arguments , I reread Kuhn's 
book in 1989, looking for an 
explanation for what I saw hap­
pening in research librarianship. 
When I chose librarianship in 
1971, I thought I would spend my 
life buying books, arranging 
materials in useful order, and 
helping readers find the resources 
they needed. I was entering an old 
profession, with long-established 
principles and practices. Little did I 
know that I was coming into librar­
ianship at a turning point and 
that, in the years between 1971 and 
today, the evidence against the con­
ventional wisdom of librarianship 
would cause a paradigm shift. 
How is librarianship different 
now? Librarians still do the things 
I imagined myself doing. But, we 
spend our political energies on 
lobbying for an electronic national 
research and education network that 
supports the values of librarianship 
and scholarship - the equitable ex­
change of information among all 
who need to know. We work on 
influencing the scholarly publishing 
process, concerned about having to 
buy back, from for-profit publishers, 
the research results created with 
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university support. We worry about 
the education process. There is so 
much to know that a university can 
no longer teach a body of truths; 
more important is to teach how to 
form questions, find information, 
sift and evaluate, and draw plausible 
conclusions. We worry that the record 
of achievement in the last century, 
documented on acid paper, is self­
destructing faster than any individ­
uallibrary can deal with it. 
on our primary purposes, as libraries 
and librarians, leads us to the com­
forting conclusion that our historic 
roles - gathering information in 
quantities larger than individuals 
can manage, providing order to the 
universe of information, guaranteeing 
equitable access to information, 
preserving information for future 
generations - remain with us. 
What have we gained? A sense of 
interdependence with other libraries 
What have we given up? We have 
given up an undisturbed focus on 
our library and our university. We 
no longer believe that a university 
library can be self-contained, pro­
viding for the students and faculty 
almost all the resources they need 
for study and research. Our faith in 
print as the preeminent vehicle for 
information dissemination has been 
questioned. Whether print on paper 
will become as peripheral and ves­
tigial as clay tablets, of archival 
value only, is not yet known; none­
theless, the primacy of print is in 
serious question. Information in 
electronic form - data, text, visuals, 
sound - is pervasive, and no 
library is complete without electronic 
collections. 
What have we retained? Reflection 
and actors in the higher education 
community. A chance to look at 
what we do and make judgments 
about what ought not to be changed 
and what should be reworked or 
abandoned. A growing ability to 
work collectively to find ways to 
preserve endangered historical col­
lections. A confidence that the 
technology brings with it some 
assistance in overcoming the draw­
backs of our interdependence. We 
are, through access to the electronic 
catalogs of many libraries, through 
electronic request and delivery 
systems, coming closer to the ideal 
of the world library at the fingertips 
of readers, wherever they are. • 
Shirley K. Baker is Washington's 
dean of University Libraries. 
Champion ofhuman rights: Speaking to "Social Responsibility: Caring About 
Moral and Ethical Issues," former President Jimmy Carter implored his audience to 
"invest your lives now in the things that are necessary, gratifying, challenging, and 
unpredictable. A university environment is the best culture for expansion ofour 
minds and hearts," he said. "Helping others make their lives free of suffering, hunger, 
and disease. This will determine the excellence ~ the greatness ofour lives." 
Carter spoke at the University's Field House on February 28. His lecture keynoted 
the national conference of the American Association of University Students and was 
part of the lecture series "Moral Absolutism/Moral Relativism: By What Criteria Shall 
We Act?" sponsored by the University's Religious Studies Program. 
Since 1982, Carter hus served as Distinguished Professor at Emory University. 
There, he founded The Carter Center, which addresses world issues through action­
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